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nistal arch or proximal descending aortic aneurysms
may be repaired by open surgical techniques via ei-
her a median sternotomy or a left lateral thoracotomy
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doi:10.1053/j.optechstcvs.2007.07.002pproach. We prefer the median sternotomy approach to
rovide maximal safety from both a cerebral and a cardiac
tandpoint. Through the sternotomy incision, however,
he distal aortic anastomosis to the descending aorta is
ften difficult because of poor, distant, and limited view.
urthermore, bleeding from it is a serious problem. We
ave therefore developed a “stepwise” anastomosis tech-
ique providing a technically easy and secure anastomo-
is.
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Open repair of distal aortic arch and proximal descending thoracic aortic aneurysm 163Operative Technique
2007.)igure 1 The aneurysm is approached through a median sternot-
my. After full heparinization, a 10- to 16-Fr straight thin-wall
annula is inserted into the right axillary artery in the axilla. Cardio-
ulmonary bypass (CPB) is established by cannulation involving
lso the ascending aorta or the femoral artery, which depends on the
scending aortic condition. The cannula size of axillary artery per-
usion in the axilla is too small (10 to 16 Fr) to produce a sufficient
ystemic flow for CPB, which is one of the shortcomings of distal
xillary artery perfusion in the axilla. Empirically, 12-Fr cannulae
roduce up to 1500 mL/min flow for CPB. Additional cannulation
hrough ascending aorta or femoral artery is therefore necessary.
he axillary artery perfusion is initially commenced, particularly in
he combination of axillary artery and femoral artery perfusion to
revent retrograde emboli through femoral perfusion. Right axillary
rtery cannulation is of use even with ascending aortic cannulation,
ince the switch from systemic perfusion via CPB to selective ante-
rade cerebral perfusion (SCP) is easy, with no discontinuity, and
annulation-induced emboli from the innominate artery can be
voided. In difficult cases having a distally extended aneurysm or
theromatous descending aorta, femoral cannulation is routinely
dded for flush-out of dislodged clot or atheroma. Bicaval venous
rainage with left ventricular venting is routinely performed. The
atient is cooled down to 28°C. (Reprinted with permission from
asaki H, Ogino H, Matsuda H, et al: Integrated total arch replace-
ent using selective cerebral perfusion: A 6-year experience. Ann
horac Surg 83:S805-S810, 2007.)Figure 2 Hypothermic circulatory arrest is induced. At the same
time, SCP is begun through the right axillary artery perfusion by
clamping the innominate artery. The arch is opened, and 14- or
12-Fr SCP balloon cannulae are inserted into the left common ca-
rotid artery and the left subclavian artery. In cases with atheroscle-
rotic change of the left subclavian artery, the cannulation is omitted
to prevent cerebral embolism, but the patient is cooled to 20 to 22°C
for cerebral safety. In general, the temperature of the SCP including
the axillary artery perfusion is 28°C. We do not perfuse the brain at
a lower temperature. The flow rate of SCP including axillary artery
perfusion is 15 to 20 mL/kg/min to maintain the perfusion pressure
above 50 mmHg (because the autoregulation system likely exists in
the brain under moderate hypothermia). For limited cases having
severe arch-vessel or intracranial artery disease or renal failure, we
still use 20 to 22°C for cerebral or renal safety. In this conventional
setting, the flow rate of SCP including axillary artery perfusion is 10
to 12mL/kg/min tomaintain the perfusion pressure between 30 and
50 mm Hg. The pressure of bilateral temporal arteries or the pres-
sure of cannula tip is monitored. The descending aorta is divided
through the aneurysm to prevent injury to the nerves and lung and
dissected from the surrounding tissues. Arrows show selective ce-
rebral perfusion. The dotted line shows incision of the descending
aorta. (Reprinted with permission from Sasaki H, Ogino H,Matsuda
H, et al: Integrated total arch replacement using selective cerebral
perfusion: A 6-year experience. Ann Thorac Surg 83:S805-S810,
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164 H. Oginoigure 3 A stepwise technique is performed for easy and secure distal
ortic anastomosis. An invaginated tube graft 7 to 12 cm in length is
omposed of the multi-branched arch graft. In the recent modifica-
ion, 2 to 3 cm of the proximal end is left without invagination to
einforce the anastomosis from the inside by creating a “sandwich”
ith the Teflon felt strip. This stepwise graft is inserted into the
escending aorta. The end of the descending aorta is often fragile
ith much atherosclerosis. Even with the stepwise technique,
e have experienced bleeding from the anastomosis in a few cases.
he stepwise technique was therefore refined with construction of a
andwich.With this refinement, we have not experienced anymajor
leeding from the distal anastomosis. (Reprinted with permission
rom Sasaki H, Ogino H, Matsuda H, et al: Integrated total arch
eplacement using selective cerebral perfusion: A 6-year experience.
nn Thorac Surg 83:S805-S810, 2007.)igure 4 The position of the proximal end of the invaginated graft is
djusted to match the level of the divided end of the descending
orta. The anastomosis is then easy to perform, with a good surgical
iew, using an over and over running suture of 3-0 or 4-0 polypro-
ylene, with reinforcement by Teflon felt strip. The distal end of the
nserted graft is extracted proximally. (Reprinted with permission
rom Sasaki H, Ogino H, Matsuda H, et al: Integrated total arch
eplacement using selective cerebral perfusion: A 6-year experience.
Open repair of distal aortic arch and proximal descending thoracic aortic aneurysm 165Figure 5 For arch reconstruction, the multi-branched arch graft is
attached to this stepwise graft using a running 3-0 polypropylene
suture. Antegrade aortic perfusion is initiated using a branch graft.
(Reprinted with permission from Sasaki H, Ogino H, Matsuda H, et
al: Integrated total arch replacement using selective cerebral perfu-
sion: A 6-year experience. Ann Thorac Surg 83:S805-S810, 2007.)Figure 6 The left subclavian artery is reconstructed with a branch graft. Rewarming is then initiated. The proximal
anastomosis is done above the sinotubular junction. Finally, the left common carotid artery and the innominate artery
are reconstructed. The right axillary artery perfusion is discontinued. The numbers show the turn of anastomosis.
(Reprinted with permission from Sasaki H, Ogino H, Matsuda H, et al: Integrated total arch replacement using selective
cerebral perfusion: A 6-year experience. Ann Thorac Surg 83:S805-S810, 2007.)
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166 H. Oginohe stepwise technique has some drawbacks. Graft insertion
arries a potential risk of dislodging mural atheroma. We
xperienced one case of bowel necrosis. To prevent this prob-
em, in the refined technique the distal end of the stepwise
raft is tucked inside to shorten the graft length. Graft inser-
ion must be done carefully into the atheromatous descend-
ng aorta. With severely atheromatous descending aorta, di-
ect anastomosis of a short-length graft without dangerous traft insertion into the descending aorta is a good alternative.
ith this technique, the inside condition of the atheroma-
ous descending aorta can be checked even after the anasto-
osis. Actually, protruding atheroma was successfully re-
oved in our practice, which avoided serious distal
mbolism. Another disadvantage is the need for a graft–graft
nastomosis, which is fortunately easy, with a good view
aking 5 minutes.
